Abstract.
(T-RF), which contains the P -to-S converted waves beneath the receiver [Vinnik , 1977; 66 Langston, 1979; Levin and Park , 1998; Savage, 1998 ]. The Q-RF contains energy mainly 67 from to the isotropic seismic structure beneath the receiver, while TRF carries informa-68 tion primarily from the anisotropic and/or dipping subsurface structure. Q-RF analysis where the previous studies failed to clearly reveal the geometry of the subducted interfaces.
89
In this study, we apply a new technique for RF analysis which allows the separation of data-set, and we discuss our method and the geodynamics implications of the results. 
Data & Method
We use a teleseismic dataset composed of about 13, 000 records (epicentral distance 101 between 30
• and 100
• , and M > 5.5). Teleseismic events were recorded at 51 broadband, the long working period of the RETREAT array, we obtain a good back-azimuth coverage we divide the area within 40 km of the profile into rectangular boxes 20 km widte, with a 122 50% overlapping scheme (i.e. each area shares 50% of its surface with the adjacent areas).
123
For each rectangular area, we select the ensemble of RFs (both Q and T) for which the 124 surface projections of their conversion points at a fixed migration depth fall inside the 125 rectangular area. We associate the RF with the center of the rectangular area (the 'spot', 126 hereinafter). For our purpose, we migrate each RF using IASPEI91 model to 40 km depth
127
( Figure S1 ). For each spot, we obtain an ensemble of Q-RF and T-RF which can be used 128 to image the seismic discontinuities at 20-70-km depth. 
Harmonic analysis
Both Q and T components contain useful information about the subsurface structure.
130
The isotropic part of the seismic velocity profile at depth mainly affects the Q-RF com- degree and order, and φ is the back azimuth. We limit our analysis to the first three back azimuth φ of the incoming P-wave, with a π/2k shift. Here, we give a brief descrip- we find limited energy on the k = 2 back-azimuth harmonics at the frequencies used, 190 therefore, we do not consider it further.
191
To assess the variance of the decomposed RF traces, we adopt a bootstrap approach,
192
in which the full data set is resampled multiple times (> 100 iterations) to determine the 
Modeling
To interpret the observed RFs along the different profiles, we produced a set of syn-
206
thetic RF traces using simple models. We created synthetic records using the RAYSUM 
Harmonic analysis
We apply the procedure for the decomposition described above to each profile ( Figure   217 2), to reconstruct the subsurface features across the study area. For each profile, we plot 
225
We analyze profile BB which crosses the Apennines along a dense line of seismic sta-226 tions, so that its spots are estimated from a larger number of RFs than the other profiles.
227
Later, we extend our observation to the other profiles, to find correspondences and vari-228 ations of the main features across the study area. part of the profile and ends at −1 sec at X = 170 km, i.e. under the crest of the chain. and sin φ back-azimuth harmonics.
258
Profiles DD and EE parallel the orogen in its northern part, departing from it at the 259 southern end (Figures 9 and 10 ). Due to their geometry, we expect complex patterns in at −1.5 s is lost near X = 120 km, and see the later phases which seems to shallow.
264
The cos φ back-azimuth harmonic exhibits the double pulse highlighted in the previous 
270
We summarize our observations. The constant back-azimuth harmonic is influenced 271 mainly by the isotropic seismic structure. Relative to our targeted P s conversion depth 
Symmetry direction
Following the approach described in the previous section, we obtain a symmetry di-310 rection for almost all the spots of each profile, corresponding to the major subcrustal Ps 311 conversions at our target detph. To highlight continuity of the pattern across all the study 312 area, we recompute four more profiles, which run in-between the other profiles, with a 313 50% overlapping scheme. In Figure 12 , we plot all the directions found, together with the Table 1 . The anisotropic layer in the 336 overlapping zone is modeled using hexagonaly anisotropy with a dipping symmetry axis.
337
The axis displays a N32
• E trend and plunges by 20
• from the horizontal. The layer has 338 4% P and S anisotropy. In the overlapping and Adriatic zones, the deepest interface is simple velocity structures to represent the main features highlighted in the RF gathers.
348
The three models together delineate a realistic explanation of subsurface structures and 349 produce a synthetic data-set similar to the observed ( Figure 13 ). allow us to confirm the coherence of anisotropic directions in the surrounding rock masses.
371
The anisotropic body is characterized by significant anisotropy and regionally coherent side anisotropy directions form a less coherent pattern.
378
The nature of the anisotropic body is not completely revealed from our simple analysis 379 and modelling, but a comparison with other studies helps to identify promising hypotheses. 
403
The degree of anisotropy in our models is greatest between 40 and 80-km depth, in a thin 
Conclusion
In this paper, we present a new methodology for the analysis of RF data-sets and we 452 test it on a large teleseismic data-set collected across the northern Apennines orogen 453 (Italy). The method successfully exploits the information contained in both radial and 454 transverse receiver functions giving better constraints on the subsurface seismic structure 455 than classical receiver function analysis. The harmonic decomposition is used to retrieve 456 the isotropic structure under the seismic stations and to focus on buried anisotropic bodies.
457
Using a CCP approach, we are able to image the lateral continuity of such anisotropic 458 bodies at depth and to map the anisotropic axis directions across the whole study area. The application of this new technique to the RETREAT data-set improves the knowl- Figure 6 , for profile CC . Figure 9 . As in Figure 6 , for profile DD . Figure 10 . As in Figure 6 , for profile EE . 
